This letter summarises the status of the global fit of the CKM parameters within the Standard Model performed by the CKMfitter group. Special attention is paid to the inputs for the CKM angles α and γ and the status of Bs → µµ and B d → µµ decays. We illustrate the current situation for other unitarity triangles. We also discuss the constraints on generic ∆F = 2 New Physics. All results have been obtained with the CKMfitter analysis package, featuring the frequentist statistical approach and using Rfit to handle theoretical uncertainties.
I. INTRODUCTION
In the Standard Model (SM), the weak charged-current transitions mix quarks of different generations, which is encoded in the unitary Cabibbo-Kobayashi-Maskawa (CKM) matrix [1, 2] . In the case of three generations of quarks, the physical content of this matrix reduces to four real parameters, among which one phase, the only source of CP violation in the SM (neglecting CP -violating effects induced by the strong-interaction θ-term or neutrino masses):
One can exploit the unitarity of the CKM matrix to determine all its elements (and when needed, to obtain their Wolfenstein expansion in powers of λ) [3] . Extracting information on these parameters from data is a challenge for both experimentalists and theorists, since the SM depends on a large set of parameters which are not predicted within its framework, and must be determined experimentally. An additional difficulty stems from the presence of the strong interaction binding quarks into hadrons, which is responsible for most of the theoretical uncertainties discussed when determining the CKM matrix parameters. The CKMfitter group aims at this goal by combining a large set of constraints from flavour physics, using a standard χ 2 -like frequentist approach, in addition to a specific (Rfit) scheme to treat theoretical uncertainties, [3, 4] .
As will be illustrated below, the SM global fit has reached a remarkable accuracy both from the experimental and theoretical point of view. In this context, and following a long history of flavour as a probe for "New Physics" (existence of the charm quark, bounds on the top quark mass. . . ), one can also use flavour observables to constrain models of New Physics (NP), either in a particular scenario or with a rather generic scope. We will follow the second avenue, providing results for generic New Physics in ∆F = 2 and updating the results presented in ref. [5] .
The results presented here correspond to the most recent update performed by the CKMfitter collaboration, including results obtained until the CKM 2014 workshop in Vienna [4] . TABLE I. Constraints used for the global fit, and the main inputs involved (more information can be found in ref. [4] ). When two errors are quoted, the first one is statistical, the second one systematic. The lattice inputs are our own averages obtained as described in the text. CKM Process Observables Theoretical inputs |V ud | 0 + → 0 + transitions |V ud | nucl = 0.97425 ± 0 ± 0.00022 [6] Nuclear matrix elements |Vus| K → π ν |Vus|SLf K→π + (0) = 0.21664 ± 0.00048 [7] f K→π + (0) = 0.9641 ± 0.0015 ± 0.045 K → eνe B(K → eνe) = (1.581 ± 0.008) · 10 −5
[7] fK = 155.2 ± 0.2 ± 0.6 MeV K → µνµ B(K → µνµ) = 0.6355 ± 0.0011 [7] τ → Kντ B(τ → Kντ ) = (0.6955 ± 0.0096) · 10 −2 [7] |Vus| |V ud | K → µν/π → µν B(K → µνµ) B(π → µνµ) = 1.3365 ± 0.0032 [7] fK /fπ = 1.1942 ± 0.0009 ± 0.0030 τ → Kν/τ → πν B(τ → Kντ ) B(τ → πντ ) = (6.43 ± 0.09) · 10 −2 [7] |V cd | νN |V cd |νN = 0.230 ± 0.011 [7] [9] form factors, shape functions
[9, 11] fB s /fB = 1.205 ± 0.004 ± 0.007
form factors, OPE matrix elements α B → ππ, ρπ, ρρ branching ratios, CP asymmetries [9] isospin symmetry
inputs for the 3 methods [9] GGSZ, GLW, ADS methods φs Bs → J/ψ(KK, ππ) φs [12] fB s = 225.6 ± 1.1
[7]BK = 0.7615 ± 0.0027 ± 0.0137 V * cd Vcs κ = 0.940 ± 0.013 ± 0.023
II. INPUTS FOR THE SM GLOBAL FIT

A. General discussion
Not all the observables in flavour physics can be used as inputs to constrain the CKM matrix, due to limitations on our experimental and/or theoretical knowledge on these quantities. The list of inputs to the global fit is indicated in Table I : they fulfil the double requirement of a satisfying control of the attached theoretical uncertainties and a good experimental accuracy of their measurements. In addition, we only take as inputs the quantities that provide constraints on the CKM parameters A, λ,ρ,η. We will see below that not all parameters are equally relevant for the global fit.
A major source of uncertainties in flavour analyses arises from matrix elements that encode the effects of the strong interaction in the non-perturbative regime, corresponding here to decay constants, form factors and bag parameters. We rely mainly on lattice QCD simulations for the determination of these quantities, as they provide well-established methods to compute these observables with a controlled accuracy. Some of the uncertainties have a clear statistical interpretation. Lattice simulations evaluate Green functions in an Euclidean metric expressed as path integrals using Monte Carlo methods, and their accuracy depends on the size of the sample of gauge configurations used for the computation. The remaining uncertainties are systematic: they are now dominant in most cases and they depend on the computational strategies chosen by competing lattice collaborations: discretisation methods used to describe gauge fields and fermions on a lattice, interpolating fields, parameters of the simulations, such as the size of the (finite) volumes and lattice spacings, the masses of the quarks that can be simulated, and the number of dynamical flavours included as sea quarks. These simulations must often be extrapolated to obtain physical quantities, relying in particular on effective theories such as chiral perturbation theory and heavy-quark effective theory which induce further systematics.
The combination of lattice values is a critical point of most global analyses of the flavour physics data, even though the concept of the theoretical uncertainty for such quantities is ill-defined (and hence is the combination of them). Several approaches have been proposed to perform such a combination [13, 14] , and we have also proposed our own scheme, systematic, reproducible and to some extent conservative [15] . We have collected the relevant lattice calculations of the meson decay constants, as well as the B d , B s and K bag parameters, and the K → π, D → π and D → K vector form factors at zero momentum transfer. We base our set of calculations on the latest FLAG report [14] , with the addition of new results published since that report was written [4] . These lattice averages are the input parameters used in the fits presented in this paper. In the specific case of decay constants, the SU (3)-flavour breaking ratios f K /f π , f Ds /f D , f Bs /f B d are better determined than the individual decay constants. We will therefore take these ratios as well as the strange-meson decay constants as reference quantities for our inputs. In the same spirit, it is more relevant to consider the predictions of the ratio K 2 /π 2 of the kaon and pion leptonic partial widths, as well as
There are also other sources of theoretical uncertainties. This is the case for the inclusive and exclusive determinations of |V ub | and |V cb |, which involve nonperturbative inputs of different nature. We use the latest HFAG results [9] for each of these determinations and combine inclusive and exclusive determinations following the same scheme as for the combination of lattice quantities. We also need theoretical inputs for heavy up-type quark masses, namelym c (m c ) = (1.286 ± 0.013 ± 0.040) GeV andm t (m t ) = (165.95±0.35±0.64) GeV, as well as to the strong coupling constant α s (M Z ) = 0.1185 ± 0 ± 0.0006. We refer the reader to refs. [15] [16] [17] [18] for a more detailed discussion of each constraint, whereas the related hadronic inputs can be found in ref.
[4].
B. Specific inputs
A few specific inputs have changed recently and deserve comment.
Constraints on the CKM angle α are derived from the isospin analysis of the charmless B ±,0 → (ππ) ±,0 , B ±,0 → (ρρ) ±,0 and B 0 → (ρπ) 0 decays. Assuming the isospin symmetry and neglecting the electroweak penguin contributions, the amplitudes of the SU(2)-conjugated modes are constrained by triangular (or pentagonal) relations. The measured branching fractions and asymmetries in the B ±,0 → (ππ) ±,0 and B ±,0 → (ρρ) ±,0 modes and the bilinear form factors in the Dalitz analysis of the B 0 → (ρπ) 0 decays provide enough observables to simultaneously determine the weak phase β + γ = π − α together with the tree and penguin contributions to each mode.
The world average constraint on α is so far dominated by the B ±,0 → (ρρ) ±,0 data, thanks to the low level of the penguin contribution to these modes, conducting to the 68.3% Confidence Level (CL) intervals :
• ∪ (0.1
The recent update of the measured branching fraction of the B → π 0 π 0 decay, driven by the Belle experiment [19] , significantly improves the determination of α through the isospin analysis of the B ±,0 → (ππ) ±,0 modes. The 68.3% CL intervals α(B → ππ) = (95.0
• ∪ (175.0
• (3) are obtained. Combining the experimental data for the ππ, ρρ and ρπ decay modes, the world average 68.3% CL intervals
• ∪ (179.0
are obtained (Fig. 1) . The recent Belle update on B(B 0 → π 0 π 0 ) improves the 1σ α resolution by 0.5
• with respect to the previous determination.
For the constraint on γ, we have considered recent results from B-meson decays to open-charm final states,
. In those decays, the interference between b → cūs and b → ucs tree amplitudes gives access to the weak phase γ. Several methods have been proposed, which can be grouped according to the choice of the final state. Recent results include the updated LHCb results for the charged B → DK decay, where [20] and for the first time, several observables, including CP asymmetries, for the B 0 → DK * 0 decays, where D decays in
. Combining the experimental data for the decay modes, the world average 68.3% CL interval
is obtained (Fig. 2) , as well as the hadronic parameters (r B , the magnitude of the ratio of the amplitudes, and δ B , the relative strong phase between the two amplitudes) summarized in Table II . Though the impact of the observables for the neutral B decay B → DK * 0 is small for the γ measurement itself, it is worth noticing that the corresponding r B is now clearly measured away from 0, as r B (DK * 0 ) = 0.236
−0.052 (Fig. 3) . The recent measurement of LHCb with the B s → D s K mode [22] has not been included in our γ average. Though very promising while using only 1 fb −1 , we estimate its impact on the γ error to be at the order of 0.1
• . Other quantities which have experienced recent improvement are the branching ratios B(B q → µµ) with q = d, s. B(B s → µµ) has been observed and measured both by CMS and LHCb (at 4.3σ and 4.0σ respectively), leading to a rather accurate combination [12] . There are also interesting information already available on B(B d → µµ), even though the threshold for evidence has not been reached yet by either of the two experiments. On the theoretical side, new computations have been performed including NLO electroweak corrections and NNLO strong corrections [23] [24] [25] , settling down issues met by earlier calculations concerning the stability with respect to higher-order corrections. In our predictions, we include the residual uncertainty of 1.5% discussed in ref. [23] . We will predict the value of the dileptonic branching ratios without time-integration, which would induce a further increase of O(∆Γ s /Γ s ), more precisely (1 + y s ) = 1.07 discussed in refs. [26] [27] [28] .
III. RESULTS OF THE SM GLOBAL FIT A. CKM parameters and Unitarity Triangles
The current situation of the global fit in the (ρ,η) plane is indicated in Fig. 4 . Some comments are in order before discussing the metrology of the parameters. There exists a unique preferred region defined by the entire set of observables under consideration in the global fit. This region is represented by the yellow surface inscribed by the red contour line for which the values ofρ andη with a p-value such that 1 − p < 95.45 %. The goodness of the fit can be addressed in the simplified case where all the inputs uncertainties are taken as Gaussian, with a p-value found to be 66% (i.e., 0.4 σ; a more rigorous derivation of the p-value in the general case is beyond the scope of this letter [29] ). One obtains the following values (at 1σ) for the 4 parameters describing the CKM matrix: 
The various constraints can be expressed in the unitarity triangles associated with the different mesons of interest, with angles defined independently of phase conventions:
and similarly for the angles in the up sector:
One recovers the usual φ 1 , φ 2 , φ 3 and α, β, γ (without subscripts) for the B d Unitarity Triangle (
In the same general way the relative coordinates of the upper appex of each triangle are defined as where againρ + iη ≡ρ db + iη db refer to the B d system. In the B s case, φ s can be defined as 2β sb . The corresponding triangles are shown in Fig. 4 , in particular the (sb) where the constraint from φ s is shown (but the corresponding label is not indicated).
B. Comments and predictions
As underlined above, the overall consistency seen among the constraints allows us to perform the metrology of the CKM parameters and to give predictions for any CKM-related observable within the SM. Let us add that the existence of a 1−p < 95.45 % region in the (ρ,η) plane is not equivalent to the statement that each individual constraint lies in the global range of 1 − p < 95.45 %. Each comparison between the prediction issued from the fit and the corresponding measurement constitutes a nulltest of the SM hypothesis.
Some of the corresponding pulls are reported in Table III and shown in Fig. 5 , showing that there is no sign of discrepancy with our set of inputs. One should also notice that some of the quantities included in our fit have only a limited impact on the outcome. This is for instance the case for quantities where the measurement is compatible, but less precise than the SM prediction, like φ s , B(B s → µµ), or semileptonic and leptonic Table III , we also include observables that were not used as input constraints, either because they are not measured at a sufficient accuracy yet, e.g., B(B d → + − ), or because the control on the theoretical uncertainties remains under discussion, e.g., ∆Γ s . The corresponding predictions can then be directly compared with their experimental measurements (when they are available).
Before moving to specific observables and correlations, we briefly discuss the lasting discrepancy between determinations of |V ub | and |V cb | using exclusive and inclusive semileptonic decays. As indicated previously, the global SM fit is based on an average for the two matrix elements, taking into account the differences between statistic and systematic errors. In Fig. 6 , we illustrate the results obtained by considering only exclusive (top) or inclusive (bottom) determinations for both |V ub | and |V cb |. As expected, the constraint from | K | changes significantly due to the variation in |V cb |, whereas the |V ub | constraint from B → τ ν is found in better agreement with the inclusive input than the exclusive one. An additional interesting feature in the inclusive case is the appearance of a partial ring from the combined contribution of ∆m d and ∆m s . This feature appeared already in the SM fit for Summer 2012, and can be explained by the fact that this constraint combines constraints on
(yielding a ring in the (ρ,η) plane) and on |V ts
cutting too large values ofρ). The overall agreement between the various constraints remains excellent in both inclusive and exclusive fits, with very little variation in the global p-value at the best-fit point and the confidence interval for the four Wolfestein parameters with respect to the global SM fit obtained from an average of inclusive and exclusive values for |V ub | and |V cb |.
C. Specific observables and correlations
We focus now on some specific observables and their correlations. A first example is given by the twodimensional comparison for B(B → τ ν) and sin 2β in Fig. 7 , showing that the discrepancy that used to affect the SM global fit [15] has now been alleviated to a large extent (remaining only at 1.6σ). As discussed in ref. [15] , this discrepancy had an experimental origin, and it has been reduced thanks to the addition of new data (the remanining discrepancy is driven by the larger BaBar re- sult compared to Belle measurement). One can also consider B(B d,s → µµ) as shown in Fig. 8 , showing the confidence contours from the combination of CMS and LHCb [12] . One notices that NLO and NNLO predictions follow the same correlation: the ratio of branching ratios is driven by f Bs /f B d |V ts /V td | which is determined to a high accuracy in the global fit. On the other hand, the NNLO prediction is both lower and more accurate than the NLO case, in agreement with the results in ref. [23] . This highlights the importance of a precise measurement of this observable, e.g., at Belle-II.
The study of the time-dependent decay rates of 0.89 ± 0.10 ± 0.09 [41] TABLE IV. Experimental and theoretical inputs inputs modified compared to Ref. [15, 18] and used in our fits for NP in ∆F = 2.
∓ provides a measure of r sin(2β + γ), where r is the ratio of the magnitudes of the doubly-Cabibbo-suppressed and Cabibbofavoured amplitudes [37] . Due to the smallness of this ratio for the three modes, one has to extract them from B 0 → D ( * )+ s h − decays assuming SU (3) flavour symmetry (allowing for SU (3) breaking at the level of 1 ± 0.10 ± 0.05). Another additional input needed is the ratio of decay constants for excited mesons: f * Ds /f * D = 1.16 ± 0.02 ± 0.06 [38] . Combining those observables, we obtain a constraint on| sin(2β + γ)|, which corresponds to a lower limit | sin(2β + γ)| > 0.69 at 68% CL (Fig. 9) .
IV. NEW PHYSICS IN ∆F = 2
A. Additional inputs and parameters
As already discussed in refs. [15, 17, 18] , neutral-meson mixing is a particularly interesting probe of NP. The evolution of the B qBq system is described through a quantum-mechanical hamiltonian H = M q − iΓ q /2 as ) and B(B d → µµ) coming from the global fit (without input on dileptonic branching ratios) compared to current experimental information [12] . B(Bs → µµ) is shown removing the (1 + ys) = 1.07 increase due to time integration. The NNLO computation in ref. [23] is indicated in colours, whereas the NLO computation used in ref. [36] is the region delimited by the dashed line. Regions outside the coloured areas are excluded at 1 − p > 95.45 %. The oval contours are the experimental 1, 2, 3 . . . σ confidence regions [12] .
the sum of two hermitian "mass" and "decay" matrices. 
Resulting from box diagrams with heavy (virtual) particles, M q 12 is expected to be especially sensitive to NP [15] . Therefore the two complex parameters ∆ s and ∆ d , defined as (12) can differ substantially from the SM value ∆ s = ∆ d = 1. Importantly, the NP phases φ not been able to explain the DØ measurement, as they showed a good agreement with SM expectations.
In Refs. [15, 18] we have determined the preferred ranges for ∆ s and ∆ d in a simultaneous fit to the CKM parameters in different generic scenarios in which NP is confined to ∆F = 2 flavour-changing neutral currents. We focus here on Scenario I, where we have treated ∆ s and ∆ d independently, corresponding to NP with arbitrary flavour structure. In this setting, KK involves three other, unrelated, new physics coefficients which will not be discussed in the following. We use most of the inputs involved in the global fit, apart from B(B s → µµ), which is likely to be also affected by New Physics in a way that cannot be connected simply to the New Physics introduced in ∆F = 2 processes. In Scenario I, K is affected by NP independently from the B d and B s sectors, and has thus no impact on the discussion of NP here. The remaining parameters can be found in ref. [15, 18] .
One comment is in order concerning the recent reassessment of the value of A SL . Members of the DØ experiment [39] have considered an additional SM source for CP -violation contributing the dimuon charge asymmetry (coming from the interference of b → ccs decay with and without mixing). This modifies the extraction of the linear combination of a d SL and a s SL from the likesign dimuon asymmetry. This correction has been included in the latest DØ update, bringing A SL closer to its SM value. But the estimate of this correction has been challenged later [40] , as it misses other contributions from b → cūs, ucs, uūs which could partially compensate this new correction. As the theoretical status remains unclear, and since A SL has been in the past always very difficult to reconcile with the other ∆F = 2 observables even within our rather generic scenario, we will consider two sets of results, with and without the inclusion of the DØ measurement. In addition, we have updated the values of the bag parameters, following the recent work from the ETMC collaboration [41] , working with N f = 2 dynamical flavours. The impact on our study is however small, since their results showed an excellent compatibility with the previous (quenched) study [42] that we used in previous publications. For the ratio of scalar quenched bag parameters, we have assumed that the breakdown between statistical and systematic errors in ref. [41] followed the same pattern as for the SM (B 1 ) bag parameters.
B. Constraints on New Physics
We summarise our results in Tables V and VI and in  Figs. 11 and 10, including or not A SL . We find pull values for A SL and φ ∆ s − 2β s of 2.4 σ and 2.5 σ respectively, illustrating the discrepancy between the two constraints in Fig. 11 . We do not quote pull values for ∆m d,s in Sc. I, as these observables are not constrained once their experimental measurement is removed.
The global constraint on the argument of ∆ s is more stringent than what could be assumed by the overlap of the contraints from ∆m d , ∆m s and φ ∆ s − 2β s . This can be understood as follows: the fit including NP in ∆F = 2 has a discrete ambiguity in the determination of ρ,η, so that two solutions (symmetrical with respect to the origin) are allowed [15, 17] . This translates into two possibilities for β sb , with opposite signs. The constraint from φ ∆ s − 2β s also exhibits two preferred solutions for arg(∆ s ). These two solutions cannot be distinguished at 1 σ if only φ ∆ s − 2β s is considered, but the degeneracy is lifted in favour of the SM-like solutions once the other constraints are added, leading to a global constraint centered around the solution corresponding to the SM-like solution forρ,η, with a domain smaller in size than the constraint from φ ∆ s − 2β s The comparison between the fits with and without A SL shows a slight decrease for |∆ d | when A SL is added, whereas |∆ s | is essentially unchanged. One notices also that in the absence of A SL , the predicted value of a d SL can take two different values (a small negative one or a large positive one), corresponding to the two branches allowed by φ ∆ d + 2β. The predicted value for φ ∆ d + 2β varies significantly when A SL is added or not, since it comes from the combination of the constraint from α measurements with the semileptonic asymmetries. This yields a noticeable change in the prediction for ∆Γ d . Even though the predictions for ∆Γ s and B → τ ν also seem to vary, this mainly concerns the best-fit point and is much less the case once 1σ intervals are considered.
One can also consider the p-value of the SM hypothesis following the discussion in ref. [15] . Without A SL , the pvalue for the 2D SM hypothesis ∆ d = 1 (∆ s = 1) is 0.9 σ (0.3 σ), and the 4D SM hypothesis ∆ d = 1 = ∆ s = 1 has a p-value of 0.7 σ. With A SL , the p-value for the 2D SM hypothesis ∆ d = 1 (∆ s = 1) is 1.2 σ (0.3 σ), and the 4D SM hypothesis ∆ d = 1 = ∆ s = 1 has a p-value of 1.0 σ.
The two complex NP parameters ∆ d and ∆ s (parametrising NP in M d,s 12 ) are not sufficient to absorb the discrepancy between the DØ measurement of A SL and the rest of the global fit. The situation has however improved compared to earlier analyses, due to the decreased discrepancy of A SL compared to the Standard Model. Without A SL , the fit including NP in ∆F = 2 is good, but the improvement with respect to the SM is limited. In addition, we stress that data still allow sizeable NP contributions in both B d and B s sectors up to 30-40% at the 3σ level.
V. CONCLUSION
This letter collects a selection of SM predictions driven by the global fit of the CKM parameters, in view of related recent or foreseeable experimental measurements. The results were obtained by combining the inputs collected in Table I , using the statistical frequentist framework adopted by the CKMfitter group. The overall agreement of the Standard Model global fit is impressive, as confirmed by the representation of the various unitarity triangles and the results given in Table III , gathering the SM predictions using the inputs. We discussed the status of some quantities of importance whose status has changed recently (α, γ, B(B s → µµ)). We also provided predictions for various observable of interests, as well as a table of pulls.
We have also performed a global fit to flavour physics data in a scenario with generic New Phiscs in the B dBd and B sBs amplitudes, as defined in Refs. [15, 18] . The discrepancy between A SL and the rest of the neutralmeson mixing observables remains even in this extended scenario. If we remove A SL , due to the potentially large (and unknown) systematics affecting its extraction, the fit improves significantly, with a SM-like scenario being very likely. However, significant contributions from NP are still possible at the 3σ level. This is an invitation for more study of these observables with the LHCb upgrade and the start of Belle-II, as discussed in the prospective exercise of ref. [17] .
